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As the title indicates, this is a review of recent American studies
on the epidemiology of poliomyelitis. It will also include some of
the old and better known opinions on this subject, and these will be
considered in the light ofnew findings. Fortunately, perhaps, there
will not be room to cover all current and pertinent American litera-
ture and so the review will be limited in its content to those epi-
demiological features which seem to be of the most clinical, orpracti-
cal, significance; in other words, it will deal essentially with the
Clinical Epidemiology of Poliomyelitis. This limitation is made
advisedly because it is becoming evident from the many experi-
mental studies of the past ten or fifteen years that we seem to have
been learning more about the disease in the monkey than in man.
Indeed, it is painfully evident that in spite of a vast amount of
research on poliomyelitis, to which a voluminous literature' bears
witness, we cannot control, prevent, or cure the acute disease any
more effectively than could be done 30, 40, or 50 years ago in the
pre-virus days of Medin and Wickman.
But this does not seem to have dampened the enthusiasm of
research workers in the United States, for investigative work on
poliomyelitis is going forward more vigorously and more hopefully
than everbefore. Such ardor does not necessarily indicate progress,
but it will be left to the reader to decide whether the trends which
these researches are now taking are promising.
The Prevalence of Poliomyelitis in the United States
Apparently poliomyelitis epidemics are becoming more preva-
lent in the United States. No recent summer has gone by in which
at least one region is not heard from, and no area in the United
States seems free from the disease. Even in the South, high attack
* From the Department of Internal Medicine, Yale University School of Medi-
cine. This article was written at the request of Prof. Friedrich von Miller of
Munich, who wished, for publication in Germany, a review of recent American
work on the epidemiology of poliomyelitis. Under the title "Ueber neuere
Studien zur Epidemiologie der Poliomyelitis in den Vereinigten Staaten" it appeared
in the Miinchener medizinische Wochenschrift (1938, 85, 430) and is here
printed, in English version, with the permission of the German editors.YALE JOURNAL OF BIOLOGY AND MEDICINE
rates have been reported40 within the last few years from regions
where the incidence of poliomyelitis had previously been thought to
be low.* An explanation of this situation is not clear and yet it
seems quite certain that it is partially due to the growing publicity
which the disease has received and to the increasing attention being
paid to mild cases. Not onlyis the diagnosis more likely to be made
now than previously and not only are lumbar punctures being more
frequently employed as a diagnostic measure, but there has been a
broadening of diagnostic criteria so that many cases are designated
as examples of poliomyelitis today which some years ago might have
been regarded as a mild summer illness of unknown type. This
point will again be considered in the consideration of abortive
poliomyelitis.
Theories of the Mode of Spread
As to the possible means whereby the virus may spread through
acommunity there is still no convincing evidence favoring any partic-
ular route. Direct contact; transmission through the air by droplet
infection or by contaminated objects; transmission via contaminated
water, milk, or food (especially via fresh fruits and vegetables);
or transmission by means of an insect, might be mentioned in the
possible order of their current plausibility. No recent satisfactory
work has been done in this country incriminating any of these routes
specifically. Nor has there been new or convincing work to explain
satisfactorilythesummer incidence of the disease or its higher preva-
lence in rural areas (and particularly in summer resorts) than in
urban communities.
But from all the mysterious features about poliomyelitis there is
at least one upon which everyone is still agreed, which is, that chil-
dren are more susceptible to the paralytic disease than are adults.
In this respect poliomyelitis seems to simulate such widespread and
common diseases as diphtheria and even measles. As to the manner
in which such immunity has been acquired, this is a point on which
thereis not such readyagreement. The situation has been compared
to that in which natural immunity to diphtheria is acquired. For
instance, in poliomyelitis it might be gained through a somewhat
theoretical and non-specific type of immunological maturation proc-
* In considering the prevalence of poliomyelitis in the Southern United States
it is well to point out that Negroes seem to be less susceptible than are white people,
for the case incidence of poliomyelitis among white people in both Northern and
Southern localities is two to four times that of Negroes.14
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ess (perhaps closely associated with changes in endocrine activity)
such as that formulated by Jungeblut.20 It might be gained by the
fact that almost everyone is more or less continually exposed to the
virus. Both of these possibilities are as yet untested. In support of
the second theory Aycock has maintained that the virus may be far
more widespread than the numbers of reported cases would indicate,4
not only during epidemics but particularly during inter-epidemic
periods. The theory does not attempt to explain the genesis of epi-
demics, but rather focuses attention on the host more actively than
on the virus, emphasizing the recurrence of the disease in the same
family.5 It finds support in illustrations of lowered host resistance
to poliomyelitis such as the apparent enhanced susceptibility to polio-
myelitis which may follow tonsillectomy operations6a or during
endocrine disturbances.,b* This theory suggests that not only do
subclinical cases and healthy carriers exist during inter-epidemic
periods, but that they may be common.
To support theideaofinter-epidemic exposure is the old, though
somewhat questionable, report of the detection of a convalescent
"carrier" late (5 months) in convalescence;31 and, more recendy, the
report of what appears to be an inter-epidemic, healthy carrier. The
latter was found by Kramer,24 who searched for the virus in the
tonsils of 156 children in New York City during winter and spring
months. The tonsils from one of these (a child of two) is thought
to have yielded the virus of poliomyelitis. This important finding
awaits further confirmation.
There is, of course, another explanation for adult immunity
which renders it less necessary to postulate its derivation from a
"state of immunologic maturity" or from the constant and frequent
presence of the virus in a given community during inter-epidemic
periods. Those who support it point out that during epidemics the
paralytic cases represent but a small quota of individuals who have
contracted the disease and that, numerically speaking, a considerable
degree of immunity may be acquired during epidemics from mild or
abortive cases of poliomyelitis.
The Abortive or Non-paralytic Case
Epidemic abortive cases of poliomyelitis deserve special attention
because it now seems that not only may they be an important means
*This theory reflects earlier views by Draper who pointed out, 20 years ago
and again more recently,1' that there were indications of physiological imbalance
in persons attacked by poliomyelitis.
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whereby most adults gain their immunity, but they may be an all-
important factor in the spread of the disease. Indeed, it is quite
possible that non-paralytic cases are the crux of many of the prob-
lems of the epidemiology of poliomyelitis.
Although it is unknown whether abortive cases are more fre-
quent in North America today than they were twenty or more years
ago, they certainly are recognized with more frequency. This is
due tothe fact that detection of the non-paralytic form of the disease
rests on much firmer ground today than heretofore, because the virus
of poliomyelitis has now been repeatedly recovered from the naso-
pharynx34" 7 and the stools53 in such cases. There are seven recent
examples in which this has been accomplished. All of them occurred
during a poliomyelitis epidemic and in each case the child suffered
from a brief febrile illness unaccompanied by demonstrable muscu-
lar weakness. But the clinical diagnosis of abortive poliomyelitis
is still difficult. Lumbar punctures may or may not be of assistance,
for in two of the abortive cases, from which the virus was obtained,
the spinal fluid was normal. Furthermore, the symptomatology
cannot be accurately defined as yet; there are no practical diagnostic
tests available to the clinician and, indeed, there has been little
advance in diagnosis since Wickman turned his attention to these
(abortive) cases more than 30 years ago.
It is safe to say, therefore, that for practical purposes, abortive
poliomyelitis can only be diagnosed during an epidemic of polio-
myelitis. Under these circumstances such cases are often found in
small familial groups; that is, contemporaneously with the develop-
ment of a paralytic case in one member of a family there may be an
outburst of brief, febrile illnesses among the brothers and sisters
of the paralyzed child. From reports of more than 200 such cases
observed in two epidemics in Eastern sections of the United
States,33,34a abortive poliomyelitis can be described as an acute illness
characterized mainly by symptoms which are the same as those often
seen in the early stages of a case of paralytic poliomyelitis. These
are: fever, lasting from 12 to 72 hours and generally accompanied
by headache; vomiting; sore throat; and, occasionally, pain in the
back and thelimbs and a stiff neck. More recentlyit has been found
that such patients may frequently exhibit a slight degree of stiffness
of the spine, if this sign (the spine sign) is diligently tested. This
brief illness is then followed by a period of malaise which may last a
week or more. As already mentioned, spinal fluid examinations
made during, or just after the febrile period may or may not reveal
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positive findings, such as a pleocytosis and an increased globulin con-
tent,"4 37,49 but this failure to find spinal fluid changes is not accepted
as evidence that the lesions of abortive poliomyelitis, slight though
they may be, are necessarily extra-neural in location.
It is obvious that the majority of these ill-defined (abortive)
cases have often gone, and still go undefined and unrecognized under
such designations as: "acute gastro-enteritis," or "grippe." The
practicing physician may hold his opinion about them in reserve,
placing such cases in the category of suspicious poliomyelitis cases,
but they still offer a difficult problem for the Health Officer.
There have been recent attempts in this country to determine
how they compare in frequency to the paralytic cases. This ratio
may well differ in different epidemics, but unfortunately the diag-
nostic criteria may differ also. Leake28 has pointed out that in the
large 1916 epidemic and preceding it, all but a few reported cases
were paralytic. In 1931, 70 per cent of the New York City cases
were reported as paralytic, in 1935 about 50 per cent, and in Vir-
ginia in the same year about 14 per cent. In two recent (Con-
necticut-1931; Pennsylvania-i932) epidemics in which an inten-
sive study35 was made of this point, the mild cases (abortive and sus-
pected abortive) were found to outnumber the paralytic cases by at
least eight times. Consequently, if all the cases, abortive and para-
lytic, had been included in the official returns from these epidemics,
the attack rates for poliomyelitis would have been found to be very
different from those usually accepted. In fact, they would have
approached the attack rates of highly contagious diseases.
Extra-neural Lesions(?)
Ifit is true, therefore, that in some epidemics at least, 80 per cent
of the cases of poliomyelitis fail to show paralysis and 50 or 60 per
cent fail to show positive spinal fluid findings, then one must recon-
sider whether or not poliomyelitis is wholly a disease of the central
nervous system. This is another old and still unsolved question,
but its answer should be sought if we are to understand the nature of
clinical poliomyelitis and its mode of spread. No new evidence
pointing to extra-neural localization of the virus of poliomyelitis
has appeared unless it be the increasing number of reports describing
the recovery of the virus (during and after the acute disease) from
the nasopharynx,25 84,37,46 and from the intestinal tract,15' 58 to which
I shall again refer. Perhaps this presence of the virus in the naso-
pharynx or the intestine is explainable on the basis of its being
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"excreted" from a central nervous system lesion, such as might occur
in rabies, and that this "egress" of the virus is unaccompanied by
lesions in the throat or bowel. For the answer to these questions
we must turn to the pathologist.
New pathological evidences of extra-neural lesions in poliomye-
litis are scanty, but appreciable. They reflect earlier observations,
which go back at least 50 years, on the involvement of intestinal
lymphoid tissue.39 More recently, in the United States, Burrows'
has again called attention to the presence of lymphatic hyperplasia
occurring in human cases dying in the acute stages of poliomyelitis.
Similar observations are recorded by Landon and Smith26 based on a
series of 96 human autopsies gathered for the most part from the
New York City epidemic of 1931. This seems to be the largest
single series of human autopsies as yet reported. In their studies
they have described lesions in the thymus gland, the spleen, and
particularly in the lymphoid tissues of the lower ileum and cecum.
In the last location they found that in marked cases this process had
gone on to erosion and ulceration! Nevertheless, there is no proof
that such changes are specifically due to the action of poliomyelitis
virus. Certainly until more evidence is forthcoming on this point
those who hypothecate that poliomyelitis is in reality a systemic dis-
ease, with myelitis as a "complication," will remain in the minority.
The majority still adhere to a view maintained by Fairbrother and
Hurst"3 in England and subsequently expressed in this country by
Faber"2 who, largely on the basis of studies on the pathology of the
experimental disease, conduded that poliomyelitis throughout its
entire course is primarily and essentially an infectious disease of the
central nervous system caused by a strictly neurotropic virus.
Furthermore, from the clinical standpoint the frequency with which
stiffness of the back is encountered in the non-paralytic form of the
disease also tends to support this view.
Survival of the Virus in Clinical Cases
Regardless as to whether or not there is a systemic aspect to the
human disease, and regardless of the mechanism whereby the virus
actually escapes from the body, it is most important to determine
that stage of thedisease (or the incubation period) in which the virus
does escape, or, in other words, that stage in which the patient may
be considered infectious. There have been renewed attempts to
do this, but the methods are still woefully inadequate. So many
pitfalls exist in this type of investigation that strict criteria are neces-
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sary in order to avoid falsely positive results and there is also the
other side of the question, namely, that failure to isolate the virus
from a given patient at a given time does not indicate that the virus
was not present. Furthermore, many negative attempts have been
casually described and many have probably not been published at all.
Nevertheless, the existent data may be interpreted as follows:
Nasopharynx.-In the older work we find (according to an esti-
mation in which fairly strict criteria are observed) that prior to 1932
the virus of poliomyelitis had been isolated only 17 (or perhaps 19)
times from the human throat or tonsils during, or prior to, the acute
stage of the disease or immediately after death. There are two
questionably positive results during convalescence, one early (17
days) and the other late (5 months), and two from what appeared
to be healthy contacts.30 These figures include but a small fraction
of the many positive results reported by Kling, Pettersson, and
Wernstedt,23 who undoubtedly recovered the virus many times, but
many of their interpretations of the lesions found in their monkeys
are so different from those which we follow today that it is difficult
to compare their results with those obtained more recently.
Since 1932 the above figures have been amplified, most of the
work being done in this country. In all, there are reported about
260 attempts to isolate the virus from the nasopharynx during the
acute disease and early convalescence. These include a few tests
done on tonsillar emulsions from fatal cases, but do not include tests
in which the approximate day of the disease is not specified; nor the
many tests which have been done on healthy contacts. Using a good
deal of liberality in the interpretation of some of the results of this
whole series of 260 nasopharyngeal tests, we find that 30 of them
offer acceptable evidence of the isolation of poliomyelitis virus. On
this basis we also find that roughly about 15 per cent of these tests
on the nasopharynx have been positive if made during the first ten
days of the disease, and 5 per cent have been positive if made during
the subsequent six weeks.
Intestinal Tract.-Of still more interest is the presence of the
virus in the stools. Here again prior to 1937 we find that Kling
et al.23 report its frequent recovery from colonic washings, but
according to our present and more strict criteria one could interpret
their findings to indicate that the virus was recovered from the
intestine during active stages of the disease nine times (thrice from
fatal cases) out of 38 trials. Later Kling and Levaditi2" recovered
it from a fatal case, and Sawyer42 from a convalescent case.
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During the subsequent period of twenty years no one seems to
have been able to repeat these results until 1937, when Harmon"5
made brief mention of his experience with 20 convalescent patients.
He was unable to recover the virus from the nasopharynx, but he
found it S times in the colonic washings from 4 of his 20 patients.
Another recent report"3 also records the presence of the virus in the
acute stages (second day) of an abortive case and during con-
valescence as late as the twenty-fifth day from onset.
Including data from the case just mentioned, together with all
of the rest of the data in the literature, one finds about 86 tests
described and a rough interpretation of the results indicates that
about 27 per cent have yielded the virus in the first ten days of the
disease, and about 12 per cent during the first few weeks of con-
valescence. In other words, this comparative series of tests (naso-
pharyngeal versus intestinal tests) reveals the surprising fact that
it seems to have been almost twice as easy to find the virus in the
stool during early stages of the disease as it has been to find it in the
nasopharynx, and more than twice as easy during late stages.
Routes of Infection
Foremost among epidemiological considerations in this disease
is the old question as to how the virus actually enters the human
body. Some years ago this question was considered more or less
settled, in this country at least, in that there was almost universal
support for the idea that human infection took place via the naso-
pharynx. Today this is hardly the case, although the nasal route
still leads the list of possibilities.
TheIntranasal Route.-Major reasons in favor ofthis route are:
(a) the occasional detection of the virus in the human nasopharynx
and (b) the fact that it has been found easier to infect monkeys intra-
nasally than by certain other routes, such as the gastro-intestinal,
intravenous, or subcutaneous route. Particularly is this true of the
experimentalist who works with some of our well-known, highly
virulent, and so-called standard strains ofvirus. On the other hand,
the significance of this ability to infect monkeys intranasally loses
some of its force with the realization that an increasing number of
neurotropic viruses are infective if instilled into the nares of experi-
mental animals. For instance, this can be accomplished with yellow
fever virus and occasionally with rabies virus, although it is obvious
that such laboratory maneuvers do nottell us much about the manner
in which yellow fever or rabies spreads among human beings.
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Much recent work has been done tending to prove that the
olfactory bulbs are important structures in the pathway from the
pharynx to the brain. Brodie and Elvidge7 and Schultz and Geb-
hardt43 demonstrated that monkeys in which both olfactory tracts
and bulbs were destroyed did not develop paralysis after the intro-
duction of virus into the nose. Later, Howe and Ecke"8 proved that
by section of the olfactory tracts it was possible to limit the "experi-
mental disease" to the bulbs alone. Their animals developed fever
without paralysis, and the lesions were confined to the olfactory
bulbs. Previously Sabin and Olitsky4" had pointed out that lesions
may be regularly produced in the olfactory bulbs of the monkey
(with nasal tracts intact) when the virus was introduced intranasally,
although they were not produced when the virus was introduced
intracranially. It is important, therefore, to know whether these
olfactory bulb lesions may be found in fatal human cases. As yet
there is little definite information on this point, although Landon
and Smith26 had reported that in 56 olfactorybulbs from fatal human
cases, a surprisingly small amount of pathological change was found.
Harmon and Levine"7 found slight lesions in the olfactory bulbs in
but 2 out of 9 fatal human cases.
The olfactory bulbs have been the subject of even further atten-
tion as a link in the chain which leads the virus into the central
nervous system, regardless as to where it first enters the body.
Thus, Lennette and Hudson29 performed an ingenious experiment in
1935 showing that when they sectioned the olfactory nerves of mon-
keys they were unable to produce the disease when large amounts
of virus were injected intravenously, although control animals (with
olfactory nerves intact) were infected from similar intravenous inoc-
ulations. Such experiments implied that when a massive dose of
this strain of virus was introduced into the blood stream of the
monkey the olfactory bulbs were a particularly vulnerable spot in
the so-called blood-brain barrier. This led to an hypothesis that
the virus might be "excreted" from the blood or elsewhere into the
nasopharynx, and it then penetrated the nasal mucosa via nerve
fibrils leading to the olfactory tracts. In support of this hypothesis
are the experiments of Armstrong3 and others," who found that
picric acid and other chemicals instilled as an astringent agent into
the nostrils of monkeys tended to protect the central nervous sys-
tem from poliomyelitis virus introduced intranasally and intra-
venously. Later Schultz and Gebhardt45 found that 1 per cent zinc
sulphate, when sprayed into the nose of the monkey, was similarly
efficient in preventing the experimental disease.
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It has been on the basis of these experiments that attempts have
been made in the United States2 and also in Canada47 to apply
astringent solutions to the human nasal mucosa in the hope of"block-
ing" this possible pathway of infection. The early results have not
been very promising. Primarily it has been found difficult to spray
the noses of large groups of children satisfactorily and difficult to
continue its application. Consequently, no satisfactory observations
are available as to the value of this procedure, but no differences
have as yet been reported showing that those children in whom
astringent solutions were applied sustained fewer attacks of polio-
myelitis than did the rest of the juvenile population.
The Gastro-intestinal Route.-One American investigator in
particular has long been a champion of the possible importance of
this route in human poliomyelitis.48 His evidence, derived from
experimental work, has seemed to indicate that infection of the cen-
tral nervous system by the virus of poliomyelitis (which has been
introduced into the gastro-intestinal tract) may be facilitated by
injury of the gut or by the supplementary action of toxins of certain
enteric bacteria. Other workers10 have failed to confirm Toomey's
experiments and it is a widely held belief in America that polio-
myelitis virus does not infect the monkey via the gastro-intestinal
route. It is worthwhile to point out, however, that such generaliza-
tions with regard to the non-infectivity of poliomyelitis virus by the
gastro-intestinal route may not hold, particularly if the evidence is
derived from a strain which requires massive doses to infect intra-
venously. One may recall, for instance, experiments carried on in
Europe from 1929 to 1933 by Kling and Levaditi22 and by Pette,
Demme, and St. K6rnyey"8 in which infection was successfully in-
duced by feeding the virus to monkeys. The discrepancy in the
results between European and some American workers might, there-
fore, be explained on the basis of strain differences which I have
already mentioned, and to which I will again refer.
There is, in fact, a good deal to be said in favor of poliomyelitis
being a "gastro-intestinal disease." Its seasonal distribution is not
unlike that of typhoid fever and other gastro-intestinal infections.
Furthermore, the presence of poliomyelitis virus in the stools of
human patients is again attracting attention. In all of the new
reports the virus has been found to persist in the feces during con-
valescence. Consequently, if we consider the abortive case in this
light, and consider that during an epidemic unrecognized abortive
586POLIOMYELITIS IN THE UNITED STATES
cases may outnumber the paralyzed cases by eight times, and that
such cases may harbor the virus in the intestinal tract for three, or
perhaps more, weeks, it is then easy to conceive of massive pollution
ofsewage with poliomyelitis virus during epidemics.
The Subcutaneous or Intracutaneous Route.-Relatively little
attention has been paid to this route because, until recently, it has
been thought to be so difficult to infect monkeys by injecting the
virus into or under the skin unless massive doses were used. Many
new facts are, however, now becoming apparent and among them are
those examples of the human disease which seem to have been actu-
ally (though accidentally) produced in children as a result of sub-
cutaneous inoculation of the virus.27 This occurred a few years ago
when the effort was being made to vaccinate children against polio-
myelitis with attenuated poliomyelitis virus. Unfortunate as these
accidents were, they showed at least that subcutaneous infection in
man was possible.
Recent work has also demonstrated that it is not as difficult to
infect monkeys intradermally as was originally supposed. A num-
ber of freshly isolated strains of the virus infect by this route in doses
which are not large50 and in some instances no greater than those
used for intracerebral inoculation. It is difficult to see how this
method could operate in human infection with any degree of fre-
quency unless a break in the skin was effected through the agency
of a hypothetical insect vector. Obviously no such vector has been
discovered.
Multiplicity of Strains of the Virus
Although variations between different strains of poliomyelitis
virus have long been noted, it has not been appreciated that such
variations concerned so many properties. It is now known that they
are sufficient in magnitude to account for many differences of opinion
which have long existed with regard to the general properties of
poliomyelitis virus. Reference has already been made to the fact
that, although all strains seem to be infective if inoculated intra-
cerebrally, some infect readily in the nose and others in the skin.50 52
It is not known, however, whether such properties change with pro-
longed monkey passage, although diminution of skin infectivity has
been noted with one strain after the seventh monkey passage.50
On the other hand, there are differences brought out by cross-
neutralization tests indicating that the strains obtained during a given
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epidemic seem to fall into individual groups.5' This implies that
strains from different epidemics may be basically different, and that
such differences have not been induced as a result of monkey passage.
Mention is made of this fact because such tests (neutralization
tests) and their interpretation have often been erroneously applied in
attempts to solve problems in the epidemiology of poliomyelitis.
It is now evident that it is not enough to try to interpret questions
of human immunity to poliomyelitis by testing the serum of an indi-
vidual, or group of individuals, for the presence of neutralizing anti-
bodies to a single strain of poliomyelitis virus isolated perhaps years
before. This has become apparent from the frequent failure to find
neutralizing antibodies in the sera of human convalescents8 16,36
fromthe fact that some human sera will neutralize one strain of virus
and not another,36 and from experimental studies in immunized
monkeys.19, 32,51 It is granted that there is some relationship be-
tween immunity and immune bodies, but the two terms are not
synonymous, particularly in human poliomyelitis. Too many false
and misleading conclusions on the question of human immunity have
already been drawn from such experimentation. At least, it now
seems futile to attempt to solve all the problems of the pathogenesis
of poliomyelitis by working with a single strain of the virus.
Summary
There are, of course, in this country many schools of thought
with regard to poliomyelitis. A few of their views have been in-
cluded in this article and many have been omitted, but of those
recorded, special attention has been paid to four hypotheses which
seem to be of current interest from the standpoint of the Clinical
Epidemiology of Poliomyelitis. These are: (1) Recognition of the
high prevalence of abortive cases during epidemics, which may
explain much with regard to thespread ofthe disease andthe acquisi-
tion of adult immunity. (2) Clinical experiments attempting to
"block" the nasal mucosa by the use of astringent solutions locally
may decide whether this is a possible measure for preventing the
entrance of the virus by this route. (3) The recent demonstrations
of the virus in the stools of acute and convalescent patients may be a
more important finding than has been realized during the past two
decades. The recent recovery of the virus from the stools of a mild
abortive case indicates a possible source of widespread distribution
of the virus. (4) Recognition of the existence of multiple strains
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of the virus with widely differing properties indicates the futility of
attempting to solve all the problems of poliomyelitis by working
on monkeys with a single strain. That some strains (in sharp con-
trast to others) infect so readily by subcutaneous (and intravenous)
inoculation is a finding to be considered in any study of the pathways
of infection in the human disease.
BIBLIOGRAPHY
1 All of the important American literature on poliomyelitis published prior to
1932 has been summarized in: Poliomyelitis. The International Com-
mittee for the Study of Infantile Paralysis. 1932, Williams & Wilkins
Co., Baltimore.
2 Armstrong, C.: Am. J. Pub. Health, 1937, 27, 103.
3 Armstrong, C., and Harrison, W. T.: Pub. Health Rept., 1936, 51, 203;
also Armstrong, C.: Ibid., 241.
4 Aycock, W. L.: J. Prev. Med., 1929, 3, 245; California & Western Med.,
1931, 35, 249; also, Am. J. Pub. Health, 1937, 27, 575.
5 Aycock, W. L.: West Virginia Med. J., 1934, 30, 481.
6 (a) Aycock, W. L., and Luther, E. H.: New England J. Med., 1929, 200,
164. (b) Aycock, W. L.: Proc. Soc. Exper. Biol. & Med., 1936, 34,
573.
7 Brodie, M., and Elvidge, A. R.: Science, 1934, 79, 235.
8 Brodie, M., Fischer, A. E., and Stillerman, M.: J. Clin. Investigation, 1937,
16, 447.
9 Burrows, M. T.: Arch. Int. Med., 1931, 48, 33.
10 Clark, P. F., Roberts, D. J., and Preston, W. S. Jr.: J. Prev. Med., 1932, 6,
47; Lennette, E. H., and Hudson, N. P.: J. Infect. Dis. 1936, 58, 10;
Flexner, S.: J. Exper. Med., 1936, 63, 209.
11 Draper, G.: (a) Poliomyelitis. 1917, P. Blakiston's Son & Co., Philadelphia.
(b) Am. J. Med. Sci., 1932, 184, 11 1.
12 Faber, H. K.: Medicine, 1933, 12, 83.
13 Fairbrother, R. W., and Hurst, E. W.: J. Path. & Bact., 1930, 33, 17.
14 Harmon, P. H.: J. Infect. Dis., 1936, 58, 331.
15 Harmon, P. H.: J. Am. Med. Asso., 1937, 109, 1061.
16 Harmon, P. H., and Harkins, H. N.: J. Am. Med. Asso., 1936, 107, 552.
17 Harmon, P. H., and Levine, V.: J. Am. Med. Asso., 1938, 110, 602.
18 Howe, H. A., and Ecke, R. S.: Proc. Soc. Exper. Biol. & Med., 1937, 37, 125.
19 Hudson, N. P., Lennette, E. H., and Gordon, F. B.: J. Am. Med. Asso., 1936,
106, 2037.
20 Jungeblut, C. W., and Engle, E. T.: J. Exper. Med., 1934, 59, 43; and sub-
sequent papers by Jungeblut.
21 Kling, C., and Levaditi, C.: Ann. Inst. Pasteur, 1913, 27, 718; 839.
22 Kling, C., Levaditi, C., and Lepine, P.: Bull. Acad. med., Paris, 1929, series 3,
102, 158. Ibid., 105, 190; Levaditi, C., Kling, C., and Hornus, G.:
Compt. rend. Soc. de biol., 1933, 112, 43.
23 Kling, C., Pettersson, A., and Wernstedt, W.: Communications Inst. med.
ttat Stockholm, 1912, 3, 5.590 YALE JOURNAL OF BIOLOGY AND MEDICINE
24 Kramer, S. D.: Proc. Soc. Exper. Biol. & Med., 1935, 32, 1165.
25 Kramer, S. D., Sobel, A. E., Grossman, L. H., and Hoskwith, B.: J. Exper.
Med., 1936, 64, 173.
26 Landon, J. F., and Smith, L. W.: Poliomyelitis. Macmillan Co., New York,
1934.
27 Leake, J. P.: J. Am. Med. Asso., 1935, 105, 2152.
28 Leake, J. P.: J. Am. Med. Asso., 1936, 107, 1094.
29 Lennette, E. H., and Hudson, N. P.: Proc. Soc. Exper. Biol. & Med., 1935,
32, 1444.
30 Literature reviewed in Refs. 1, 34, and 37.
31 Lucas, W. P., and Osgood, R. B.: J. Am. Med. Asso., 1913, 60, 1611.
32 Olitsky, P. K., and Cox, H. R.: J. Exper. Med., 1936, 63, 109; Sabin, A. B.,
and Olitsky, P. K.: J. Exper. Med., 1936, 64, 739.
33 Paul, J. R., Salinger, R., and Trask, J. D.: Am. J. Hyg., 1933, 17, 587.
34 (a) Paul, J. R., Salinger, R., and Trask, J. D.: J. Am. Med. Asso., 1932, 98,
2262. (b) Paul, J. R., and Trask, J. D.: J. Exper. Med., 1932, 56, 319.
35 Paul, J. R., Salinger, R., and Trask., J. D.: Am. J. Hyg., 1933, 17, 601.
36 Paul, J. R., and Trask, J. D.: J. Exper. Med., 1935, 61, 447; Ibid., 1933,
58, 513.
37 Paul, J. R., Trask, J. D., and Webster, L. T.: J. Exper. Med., 1935, 62, 245.
38 Pette, H., Demme, H., and St. K8rnyey: Deutsche Ztschr. f. Nervenh., 1932,
128, 125.
39 Rissler, J.: Nord. Med. Ark., 1888, 20, No. 22.
40 Root, A. S.: Southern Med. J., 1936, 29, 184.
41 Sabin, A. B., and Olitskv, P. K.: J. Am. Med. Asso., 1937, 108; 21.
42 Sawyer, W. A.: Am. J. Trop. Dis. & Prev. Med., 1915, 3, 164.
43 Schultz, E. W., and Gebhardt, L. P.: Proc. Soc. Exper. Biol. & Med., 1934,
31, 728.
44 Schultz, E. W., and Gebhardt, L. P.: Proc. Soc. Exper. Biol. & Med., 1936,
34, 133; Sabin, A. B., Olitsky, P. K., and Cox, H. R.: J. Exper. Med.,
1936,63,877.
45 Schultz, E. W., and Gebhardt, L. P.: J. Am. Med. Asso., 1937, 108, 2182.
46 Stillerman, M., and Brodie, M.: Proc. Soc. Exper. Biol. & Med., 1937, 37,
382.
47 Tisdall, F. F., Brown, A., DeFries, R. D., Ross, M. A., and Sellers, A. H.:
Canad. Pub. Health. J. 1937, 28, 523; also Editorial, J. Am. Med. Asso.,
1937, 109, 2072.
48 Toomey, J. A.: J. Am. Med. Asso., 1937, 109, 402; and earlier papers by
Toomey.
49 Trask, J. D., and Harper, P. A.: Yale J. Biol. & Med., 1932, 5, 155.
50 Trask, J. D., and Paul, J. R.: Science, 1928, 87, 44.
51 Trask, J. D., Paul, J. R., Beebe, A. R., and German, W. J.: J. Exper. Med.,
1937, 65, 687.
52 Trask, J. D., Paul, J. R., German, W. J., and Beebe, A. R.: Trans. Asso. Am.
Phys., 1937, 52, 306.
53 Trask, J. D., Vignec, A. T., and Paul, J. R.: Proc. Soc. Exper. Biol. & Med.,
1938, 38, 147.